Distillers dried grain (DDG) and makgeolli spent grain (MSG) are agricultural byproducts to produce alcoholic beverage. However, they are known to contain enough nutrients. Mealworm is a promising insect resource for an animal feed ingredient as well as alternative human food. With low cost, DDG and MSG were investigated as a feed ingredient for rearing high quality mealworms. DDG and MSG were mixed with wheat bran and compared to control feed (only wheat bran) for its effects on larval survivorship, larval weight, duration for developmental period, pupation rate, and pupal weight. When DDG added, larval survivorship was reduced to 50~70% compared to the control group. Larvae fed on DDG were heavier from third to sixth week. Especially, larvae with 50% DDG were 28% heavier than the control group at the third week. For the larval period, the 50% DDG group was 11% less than that for the control. The pupal weight for the 30% DDG group was 7% heavier than that for the control group. Pupation rates for all the DDG groups were higher than 90%. When compared to the control, larval survivorship for the 70% MSG group was low, but the 50% and 70% MSG groups were high during the seventh and eighth weeks because of delayed development. After the eighth week, larvae with 70% MSG showed the highest larval weight increase as 9~18% compared to the control group. Except 70% MSG group, all of MSG groups showed more than 90% pupation rates. We confirmed that adding 30~50% of DDG or MSG to conventional wheat bran have a strong potential to replace the conventional wheat bran insect feed for quality insect production.
Introduction
Insect has been used as nutritious diet for domestic animals as well as human. Moreover, insects can be fed on agricultural byproduct with low cost. As the price for the conventional protein ingredients -meat, fish and soybean -has been increasing, insects have been focused as an alternative protein source for animal feed and human diet (Ng et al., 2001; Ravzanaadii et al., 2012 
Feed with different contents of distillers dried grain (DDG) and makgeolli spent grain (MSG)
Larvae
Larval growth of T. molitor with different diets
The seventh or eighth larvae that were 60 d after hatching were tested their growth rate with different diets. For each group, 30 larvae were tested in a plastic container (10 × 4 cm (diameter × height)) with three biological replications. All the larvae were fed wheat bran with different amounts of DDG and MSG. We put 5 grams of cabbage leaves as a water source twice per week to all the plastic containers. As a control diet, we used wheat bran without any DDG and MSG based on the standard rearing condition (Kim et al., 2014) . Each group of larvae fed on different amounts of DDG and MSG was compared its survivorship, average larval weight, duration for each development stage, pupation rate, and pupal weight. et al., 2016; Huang et al., 2006; Huang et al., 2007; Huang et al., 2011; Ye et al., 1997; Yoo et al., 2013) . To produce the same amount of protein, mealworm requires relatively lower cost than cattle and swine (He et al., 2006; Huang et al., 2005; Huang et al., 2011; Kim et al., 2014; Kim et al., 2016; Tian and Xu, 2003; Wu et al., 2008; Zanuncio et al., 2000) . In addition, mealworm rearing is environmental-friendly because mealworm can utilize agricultural byproducts -wheat straw, tangerine shell, spent mushroom substrate, and brewer's spent grain -that have usually been trashed. Therefore, many studies have been conducted to build a strong foundation for mealworm mass-rearing (Kim et al., 2014; Kim et al., 2016; Li et al., 2012) .
Spent grain including distillers dried grain (DDG) and makgeolli spent grain (MSG) are byproducts from starch saccharification for alcoholic beverage production. These materials have been used as alternative feed for concentrated feed and roughage source for ruminants. Especially, it was reported that spent grain increased the milk production from milk cows and supplied unidentified growth factors (Lee et al., 2001 ).
The main ingredients of spent grain are crude fat, crude protein, roughage, fungus body of fermentation yeast, and various minerals, so it is suitable for animal feed as well as many studies have been conducted to investigate possible usages (Choi et al., 2008; Ganesan et al., 2007; Song, 2005) . Makgeolli spent grain (MSG) is a byproduct from makgeolli production that mainly contains starch and protein. In addition to starch and proteins, it contains various nutrients including fibers, minerals, vitamins, alcohol, organic acids, enzymes, and yeast (Cho et al., 1998; Lee et al., 2009) . Particularly, MSG is containing 20% protein, so it has an advantage as a low price protein source (Kim et al., 2011; Lee et al., 2015; Seo et al., 2013) . The MSG has been used for baking bread with high fiber content, manufacturing edible film with MSG protein, producing yeast spores, making dough enhancer, and improving noodle quality by adding MSG (Cho et al., 1996; Cho et al., 1998; Jeong and Park, 2006; Kim et al., 2007; Lim et al., 2004) .
Rearing T. molitor has been getting interested because it has strong potential as animal feed. Therefore, the standard protocol for mass-rearing of insects is needed as insect farmers are getting increased. In this study, we investigated the effects of DDG and MSG on developmental characteristics including larval survivorship, larval weight, developmental period, pupation rate, pupal weight. With this study, we can determine the optimal feed for rearing insect with DDG and/or MSG.
